Neuropathic pain might best be considered as a collection of various pain states with a common feature, that being symptoms suggestive of dysfunction of peripheral nerves. The development of therapeutic options for the treatment of neuropathic pain is complicated significantly by several factors. Neuropathic pain may arise from widely diverse etiologies such as physical trauma, disease, infection, or chemotherapy. Symptoms indicative of neuropathic pain may also arise in individuals with no evidence of any type of nerve trauma (idiopathic). Although neuropathic pain is a substantial health care issue, it is relatively uncommon and only occurs in a small fraction (Ͻ10%) of individuals with these initiating factors. Moreover, the efficacy of treatment protocols, even against the same type of symptoms, differ depending on the underlying initiating cause of the neuropathy. Although these observations strongly suggest that there are predisposing factors that may impart susceptibility to the development of neuropathic pain, no common predisposing factors or genetic markers have been satisfactorily identified. Because of these vagaries, treatment of neuropathic pain has been based on trial and error. However, recent progress in the understanding of neurophysiologic changes that accompany peripheral nerve dysfunction indicate that regulation of ion channels that maintain membrane potentials or generate action potentials may provide an important therapeutic approach. Neuropathic pain is accompanied by increased activity of peripheral nociceptors, which is produced in part by changes in levels of specific calcium and sodium channels. The identification of sodium and/or calcium channels subtypes that are expressed almost exclusively on nocicpetors may provide a way of regulating the activity of exaggerated nociceptor function without altering other sensory modalities. Thus, the selective targeting of ion channels may represent a viable therapeutic target for the management of the neuropathic pain state, regardless of etiology.
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NEUROPATHIC PAIN: DEFINITIONS AND CLINICAL CONSIDERATIONS
Although neuropathic pain might accurately be considered a disease state, it is more generally thought of as a collection of chronic pain syndromes with a common feature, that being dysfunction of peripheral sensory nerves or nerves within the CNS. The definition of peripheral neuropathic pain, according to the International Association for the Study of Pain (IASP) is "Pain initiated or caused by a primary lesion or dysfunction in the peripheral nervous system." 1 Neuropathic pain of peripheral origin is not merely a condition arising from a single event that diminishes as healing from the original insult progresses, but rather is an abnormal pain state that it is maintained long after the initiating event has resolved. 1 Of the neuropathic pain conditions, those associated with nerve trauma have received the lion's share of clinical investigation and consequently are the best described. 2 In fact, abnormal chronic pain states along with changes suggestive of trophic and autonomic alterations were described during the American Civil War. Weir Mitchell described trophic signs, glossy skin, and burning pain that developed in large numbers of soldiers with bullet wounds as causalgia. [3] [4] [5] Some soldiers with bullet wounds and nerve damage developed a syndrome of burning pain, hyperesthesia, glossy skin, rubor, edema, and skin that would appear colder than the uninjured parts of the body. This term causalgia arose from the Greek term for burning pain. Causalgia was initially thought of as a unique class of neuropathic pain caused by nerve trauma delivered by a high-velocity missile impact. Such pain was characterized by persistent burning sensations of the hands and/or feet after a highvelocity missile impact (i.e., bullet wound) involving peripheral nerves of the arms or legs, and might be accompanied by red, glossy, and edematous skin. 6 Causalgia was considered to be a subset of reflex sympathetic dystrophy, or sympathetically maintained pain. This neuropathic pain syndrome is indicated by spontaneous burning sensation and/or the presence of allodynia or hyperpathia to light touch. 6 It has been reported that sympathetic blockade, including complete surgical sympathectomy, permanent chemical sympathectomy with phenol, or systemic sympatholytics abolish both the adverse pain condition and the trophic changes, especially when performed soon after the insult. 6, 7 Although previously expressed as an independent form of neuropathic pain, it is now recognized that sympathetically maintained pain may be a component of neuropathic pain in some, but not all, patients, regardless of the initiating factor. A sympathetic component has been described in neuralgias including postherptic neuralgia (PHN), metabolic neuropathies, and phantom limb pain. 8 Based on our growing understanding of the symptomology of these chronic pain states, conditions earlier classified as causalgia, reflex sympathetic dystrophy, and sympathetically maintained pain have been grouped as complex regional pain syndrome (CRPS), which is indicated clinically by hyperalgesia and allodynia, pain disproportionate to the injury, dyesthesias and hyperesthesias, or hyperalgesia that extends beyond the territory of the injury, along with autonomic, trophic and motor changes. 8 -10 CRPS includes sympathetically maintained or sympathetic-independent pain, with undefined underlying mechanisms and many treatment options with unpredictable outcomes. 9, 10 It is now suggested that perhaps 3-5% of CRPS is sympathetically maintained. 11, 12 Furthermore, CRPS is subdivided into CRPS-I and CPRS-II. 8 CPRS-II is defined by spontaneous pain and hyperalgesia or allodynia, along with the presence, or evidence of previously present, edema, abnormal blood flow, and autonomic, trophic, or sudomotor abnormalities, and is distinguished from type I by the clear indication of nerve trauma. 1, 7, 8, 13 The signs and symptoms of CPRS-I are the same as those of CPRS-II, except that there is no verifiable damage to a peripheral nerve. 1, 7, 9, 10 By definition, it is precipitated by a noxious event that might include fractures, joint sprains, strains, thoracic surgery, soft tissue injury, and cardiac ischemia. [5] [6] [7] 14 Idiopathic CRPS-I has been described as sequella to noxious events so trivial patients may not remember the occurrence, and include venipuncture, lacerations, and other types of minor trauma. 6, 7 Because of the absence of verified injury, the inclusion of CPRS-I as a neuropathic pain state has been challenged. 15 However, it has been strongly argued that the symptomology is consistent with neuropathic pain, and that the signs and symptoms, and not the etiology of the condition, should drive the therapeutic options. 16 -18 Diabetic peripheral neuropathy (DPN) and PHN are two important clinical neuropathic pain syndromes that have been extensively studied with regard to establishing treatment regimens for neuropathic pain. 19 Like the traumatic pain syndromes described above, DPN and PHN are associated with spontaneous, episodic pain and evoked pain, including allodynia in response to touch, cold, or heated tactile stimuli, and light brush (dynamic allodynia). 19 DPN has been defined as including "symptoms and/or signs of peripheral nerve dysfunction in people with diabetes after the exclusion of other causes." 20, 21 The causes of DPN are not clearly understood but are believed to include release of toxic metabolites, alterations in growth factors, a compromised microvasculature, and possible inflammatory events. 22 Pathological changes are observed in A␤, A␦, and C-fibers, which help explain the fact that diabetic patients present with varying signs and symptoms that range from complete nonpainful anesthesia of the feet to severe neuropathic Descriptions are based on IASP nomenclature 1 and recent reviews. 7, 16, 22, 34 pain (see Table 1 ). 20 Although DPN usually involves the extremities, it may also involve thoracic or cranial regions where it presents either symmetrically or asymmetrically, and may occur from ischemia or nerve entrapment in addition to the progression of the disease. 22 PHN is a very painful neuropathic condition that is still present between 1 and 6 months after the herpes zoster (shingles) has cleared, representing a transition from acute herpes zoster to PHN. [23] [24] [25] It has been described as an intermittent pain or can present as a persistent, but fluctuating, pain. 24, 25 Patients with PHN describe it as burning, itching, throbbing or a shooting pain, and dyesthesias may be present. 24, 25 Like DPN, PHN has been associated with neuroinflammation and a loss of large and small sensory fibers. 26 The etiology of neuropathic pain states encompasses many other conditions, including prolonged treatment with chemotherapeutic agents, infections such as HIV, and from idiopathic and genetic sources. The common causes of neuropathic pain are listed in Table 2 .
It has been suggested that changes in innervation of the hypersensitized skin area along with changes in spinal processing may contribute to neuropathic pain in PHN. 27, 28 The examination of skin biopsies taken from regions affected by PHN demonstrated that the severity of allodynia was inversely correlated with the loss of sensory nerve endings in the skin. 27 Punch skin biopsies were taken from patients with shingles and with or without PHN and immunostained with the axonal marker anti-PGP9.5. 29 Those with neuropathic pain showed an epidermal neurite density of only 339 Ϯ 97 epidermal neurites/mm 2 of skin surface area compared with a density of 1661 Ϯ 262 neurites/mm 2 of skin surface area from the pain-free patients. 29 Because nearly all epidermal neurites are sensitive to capsaicin, these observations indicate a loss of nociception innervation. 29 It is suggested that allodynia and hyperalgesia after PHN may be due to hypersensitivity of the remaining nociceptors along with abnormal spinal processing of the afferent inputs. 28 -30 In a recent study, the neurite density of skin punches taken from the most painful region from patients with PHN and from analogous regions in pain-free patients with shingles was evaluated and it was determined that minimum of approximately 650 neurites/mm 2 was needed to prevent the development of PHN. 28 Because the degeneration of the peripheral branch of a primary afferent fiber leads ultimately to the degeneration of its central projection as well, it is suggested that the loss of these primary afferents cause a compensatory hyperactivity of the second-order projection neurons. 28 Accordingly, dorsal horn atrophy was reported in patients with PHN after shingles. 31, 32 Furthermore, MRI studies performed on the spinal cord of patients after a herpes zoster outbreak showed abnormal deafferentation only in those that developed PHN. 26 Neuropathic pain is best considered as a complex set of abnormal physiologic processes incited by trauma, a noxious event or a disease state. 22, 33 Accordingly, it should not be considered as a syndrome in and of itself, but as a symptom of other neurologic dysfunctions. It presents in various ways in different patients, and the presentation and susceptibility to treatment of neuropathic pain is widely recognized by clinicians as being quite unpredictable. 33, 34 Taken together, these factors suggest that an organic basis, possibly driven by genetic factors, may underlie a patient's susceptibility to the development of neuropathic pain. The challenge before us is to determine the mechanisms that drive neuropathic pain in humans. Moreover, it is imperative to learn why only a small group of people develop neuropathic pain after events that leave a much larger population unaffected. More adequately controlled clinical studies are needed to move us beyond the era of "trial and error" and into physiologically based rational therapeutic protocols. For all of these reasons, "effective new strategies are desperately needed." 
CURRENT STATE OF THE ART: PROPOSED MECHANISMS OF NEUROPATHIC PAIN

Increased Neuronal Excitation
Considerable progress has been made over the past three decades with regard to our understanding of the mechanisms that may mediate neuropathic pain. Animal models of peripheral nerve injury have led to the description of several mechanisms that may drive neuropathic This table is based on recent reviews of neuropathic pain. 2, 6, 13 pain. These mechanisms include neuroplastic adaptations in the peripheral nerves, dorsal root ganglia, and the spinal cord including upregulation and/or downregulation of neuropeptides and neurotransmitters, and/or alterations in the phenotypic expression of peripheral nerves where neuropeptides not normally present are abundantly expressed, whereas normally expressed neuropeptides are suppressed. These changes in expression of neurochemical markers correlate with the development of tactile and thermal hypersensitivity in animals and with an increase in evoked release of excitatory neuropeptides from primary afferent terminals. Moreover, there is growing evidence that peripheral nerve injury elicits neuroplastic changes at supraspinal sites that mediate a spinopetal pain facilitatory system. This descending pain facilitatory system acts to maintain a sensitized state of the spinal cord, demonstrated by increased responsiveness of second order neurons of the spinal dorsal horn to sensory inputs, increased receptive field size, and recruitment of adjacent nerves, along with increased transmitter release from primary afferents promoting afferent inputs and enhancing the transmission of pain signals to higher brain centers. Despite the fact that there are numerous studies in animal models that led to these generalized observations, it is often difficult to translate the observations made in these types of studies into practical clinical terms. Correspondingly, it is also difficult to reliably predict novel therapeutic interventions based on such observations. These mechanisms of neuropathic pain are reviewed in detail elsewhere. [35] [36] [37] [38] [39] One of the hallmarks of peripheral nerve dysfunction is seen in the alterations in conductance properties of the peripheral nerves and increased spontaneous and evoked ectopic discharges. The increased neuronal activity is believed to lead to sensitization of the spinal cord and to drive neuropathic pain. Circumstantial evidence that neuronal excitation may mediate neuropathic pain is found by the fact that agents such as local anesthetics, antiepileptics, and tricyclic antidepressants has abolished neuropathic pain in some instances. 40 -42 Systemic or topical lidocaine has provided some relief in patients with PHN. 43, 44 Most recently, mutations of a gene coding for a subunit of the Na V 1.7 VGSC was found responsible for the development of autosomal erythermalgia. 45 The possibility that sensitization to pain may arise from a neuroma after axotomy was suggested when dyesthesias and pain elicited by palpation or mechanical distortion of the neuroma was abolished by lidocaine. 46 Recordings were performed in patients with different types of peripheral nerve dysfunctions by impaling a tungsten microelectrode into the fascicle of a skin nerve. 47 Recordings performed from the sural nerve of a 47-year-old male with sciatic pain showed that the changes in multiunit activity correlated with the increases and decreases in intensity of dyesthesias. 47 In the same study, a patient with radicular pain of the lower leg showed spontaneous neuronal activity and distinct discharges in response to light stroking of the receptive field. 47 Phantom limb pain was accompanied by spontaneous peripheral nerve activity. 48 Tapping the neuromata caused enhanced pain along with enhanced neuronal discharges. 48 The evoked discharges and pain were blocked by lidocaine, whereas the spontaneous activity was not. 48 The correlation between ectopic discharges and neuropathic pain has been repeatedly demonstrated in man. 49, 50 In animal studies, it was demonstrated that neuroma formation after axotomy results in spontaneous ectopic discharges from the site of injury. [51] [52] [53] [54] Spontaneous ectopic discharges are generated from the area of injury and also from the DRG of injured peripheral nerves. [55] [56] [57] Electrophysiological recordings from injured sciatic nerves demonstrated spontaneous ectopic discharges from the region of injury and hyperexcitability to light touch. 58, 59 Sensitization appears to be mediated in part by enhanced activity and concentrations of sodium channels. Ultrastructural analyses of neuromas suggested extensive remodeling of sodium channels at the endbulbs that are responsible for the abnormal electrical activity associated with ectopic discharges. 60 The endbulbs of both small-diameter and demyelinated large-diameter fibers within the neuroma show an accumulation of sodium channels, which may mediate the hyperexcitability of injured nerves. 61, 62 Because of their critical role in the generation of action potentials and neuronal excitation, the increased abnormal spontaneous and ectopic discharges of injured peripheral nerves are related to increased activity of voltage-gated sodium channels (VGSCs). [51] [52] [53] [54] 63 The VGSCs have been linked to excitability of primary afferent nociceptors and may mediate sensitized pain states. 41, 63 Peripheral nerve injury is also associated with changes in the expression and distribution of isoforms of the VGSCs. 40 The VGSCs have been characterized on the basis of their biophysical characteristics and resistance to tetrodotoxin. 40, 41, 64 The VGSCs that are sensitive to TTX (TTX-S) have a low threshold for activation (between -55 and -40 mV), are rapidly activating, and are rapidly inactivating. Approximately 50% of these channels are available for activation at potentials close to resting membrane potential. 65 The TTX resistant (TTX-R) VGSCs have been further subdivided based on electrophysiologic characteristics. One of these TTX-R currents is similar in function to the TTX-S channels and is labeled the TTX-R3. 66 or fast TTX-R current. 67 A second TTX-R (TTX-R1) current is resistant to TTX, has a high activation threshold, and activates and inactivates relatively slowly, but reprimes rapidly, and may act as a pacemaker channel. 65 This current may account for the high activation threshold observed in nociceptive affer-ents. 68 The TTX-R channels can initiate action potentials in polymodal nociceptive afferents, and because these sites are close to the axon terminals, they also contribute to transmitter release from nociceptive afferents. 63, 69 The VGSCs are clearly linked to neuronal excitability, and changes in populations of these channels may enhance the ability of sensory neurons to respond to external stimuli, and may mediate sensitized pain states.
The nine identified isoforms of the VGSCs are differentially distributed throughout the body. Importantly, however, their distribution is altered after peripheral nerve injury, and the novel expression of a VGSC isoform may contribute to neuronal excitation and neuropathic pain. 40, 41 The involvement of some of these subtypes of sodium channels in neuropathic pain states are summarized briefly below.
Na V 1.3
The TTX-S channel Na V 1.3 is fast activating and is found in the brain and at very low levels in the DRG. After peripheral nerve injury, there is a substantial expression of Na V 1.3 in DRG neurons, and it is believed that this novel expression may be partly responsible for the enhanced excitability and of primary afferents after nerve injury because its biophysical properties favor generation of spontaneous discharges. 40, 41, 65 However, a causal relationship between expression of Na V 1.3 in the DRG and neuronal discharges has not been established. Recently, it was found that upregulation of Na V 1.3 in second-order neurons of the dorsal horn of the spinal cord caused by nerve injury enhanced the responsiveness of these neurons to noxious stimuli. 70 Knock-down of Na V 1.3 by antisense treatment abolished both the enhanced neuronal activity and behavioral signs of neuropathic pain in nerve-injured rats.
70 Na V 1.7
The TTX-S VGSC Na V 1.7 is found predominantly in small-diameter sensory DRG neurons and in sympathetic nerves. 71 It is upregulated after carrageenan-induced inflammation, suggesting a pronociceptive role. 71 The generation of genetically modified mice with knock-down of the Na V 1.7 channel of sensory neurons while sparing sympathetic nerves resulted in mice with reduced sensitivity to noxious mechanical, but not thermal, nociception and reduced inflammation-induced hyperalgesia. 72 Transfection of HEK293 cells with two different mutations of human DNA for Na V 1.7 that are associated with familial autosomal erythermalgia showed that the mutated channel produced a hyperpolarizing shift in activation, slowed deactivation of the channel and markedly increased the ramp current, with the net effect being a marked hyperexcitation of the cells. 73 These alterations would be consistent with enhanced nociception and sympathetic activity and could account for the etiology of erythermalgia. 73 More recently, voltage clamp studies performed on transfected mouse DRG cells showed that the human mutations lowered the thresholds for generation of action potentials and repetitive firing, thus provoking high-frequency firing of nociceptive small diameter sensory neurons in the DRG.
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Na V 1. 8 The role of the TTX-R channel Na V 1.8 has been studied more extensively. It is found exclusively in smalldiameter nociceptors and is critical to the generation of action potentials and nociceptors function. 40, 41, 71 After axotomy or tight ligation, there was an accumulation of Na v 1.8 proximal to the injury, suggesting that this clustering may participate in the generation of ectopic discharges. 40, 41, 75 Moreover, nerve injury caused a downregulation of Na V 1.8 protein and current in the DRG of injured neurons but upregulation predominantly in Cfiber nociceptors in adjacent, uninjured DRG neurons, along with an increase in TTX-R compound action potential at C -fiber conduction velocity. [75] [76] [77] Antisense knock-down of the redistribution of Na V 1.8 after spinal nerve ligation prevented the upregulation of Na V 1.8 in adjacent neurons and abolished tactile and thermal hypersensitivities without altering normal baseline sensory responses. 75 Finally, Na V 1.8 immunoreactivity is evident in peripheral nerve tissues from patients with chronic neuropathic pain.
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Na V 1. 9 Like Na V 1.8, Na V 1.9 is a TTX-R channel that is expressed exclusively in peripheral nociceptors. 80 It maintains a persistent sodium current close to the membrane resting potential, 71 inactivates slowly and incompletely, and does not generate action potentials but sets the membrane potentials and activating thresholds. 71 Knockdown of this channel by antisense did not abolish either thermal hyperalgesia or tactile hypersensitivity in rats with nerve injury. 77 The role of this channel in the neuropathic pain state is unclear. This channel appears to underlie enhanced nociceptive responses after inflammation, and its activity may be enhanced by inflammatory mediators. 81 
Calcium Channels
The calcium channels have been classified as L, N, P, Q, R, and T type, based on pharmacologic and electrophysiologic characteristics. 82 The N-type calcium channel was identified in DRG neurons and characterized by an intermediate level of voltage-dependence and rate of inactivation. 83 It is blocked by -conotoxin. 84 This channel is predominant in the superficial lamina of the spinal dorsal horn and is likely to participate in nociceptive transmission. 85 The N-type calcium channel appears to be essential for depolarization-coupled release of neurotransmitters, including substance P, CGRP, and glutamate, from primary afferents and neuronal excitability. 86 The ability of the -conotoxin-GVIA to block electrically evoked responses of dorsal horn neurons was enhanced in nerve-injured rats. 87 In addition, blockade of the N-type calcium channel with -conotoxin-GVIA also abolished injury-induced wind-up and post-discharge phenomena. 87 It was suggested that nerve injury results in either increased frequency of opening of the N-type calcium channel, or an increase in the population. 87 Blockade of these channels is expected to decrease the enhanced excitatory neurotransmitter release that occurs after nerve injury, thus inhibiting the manifestations of enhanced pain. 87 The spinal administration of a novel N-type calcium channel blocker ziconitide, which is a synthetic analog of -conotoxin MVIIA, produced antinociception in noninjured rats and abolished tactile and thermal hyperesthesias in rats with peripheral nerve injuries. 88, 89 Recent clinical trials with ziconotide (PRIALT) provide strong evidence that blockade of the N-type calcium channel may provide a significant clinical means in the management of severe, refractory pain. 90 Spinal administration of ziconotide diminished the morphine requirement for postsurgical pain relief. 91 Ziconotide provided complete pain relief in a patient with intractable severe deafferentation pain. 92 In a multicenter series of placebo-controlled, double-blind randomized clinical trials, spinal ziconotide produced moderate to complete pain relief in chronic pain patients with cancer or acquired immune deficiency syndrome (AIDS). 93 Phase II and phase III clinical trials have also demonstrated that ziconotide is effective in patients with phantom-limb pain, PHN, and HIV-related neuropathic pain, and that are refractory to opioids. 94 Taken together, these studies show great promise for the use of blockers of the N-type calcium channels as a means of treating severe, refractory neuropathic pain.
The T-type calcium channel is present in the DRG and on second-order neurons of the dorsal horn of the spinal cord. Activation of the NK1 receptor and of the T-type voltage-gated calcium channel (VGCCs) acts synergistically with activation of the NMDA/calcium channel complex to facilitate firing of the NK1-expressing cells of lamina I, thus promoting central sensitization. 95 This observation is consistent with the finding that T-type VGCC blockade abolished behavioral signs of neuropathic pain in rats with peripheral nerve injury. 96 Ethosuximide or mibefradil given either systemically or locally into the hindpaw to rats with peripheral nerve injury produced a dose-dependent reversal of tactile and thermal hyperesthesias. 96 Similarly, ethosuximide diminished electrophysiologic signs of wind-up and after-discharges in rats with nerve injury. 97 These results are consistent with the T-type calcium channel mediating postsynaptic sensitization after injury. 97 More recently, antisense knock-down of the T-type calcium channel in the DRG abolished nociceptive responses to acute noxious mechanical or thermal stimuli as well as enhanced tactile and thermal responses in nerve-injured animals.
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CURRENT STATE OF THE ART: PHARMACOLOGIC TREATMENTS
The treatment options available for the management of neuropathic pain are almost as diverse as the etiologies. 19, 99 Because of the diversity of the underlying initiating events, patient populations and manifestations of the different types of pain, there is no way to predict the possible outcome of a particular therapy. Although there are many pharmacologic and nonpharmacologic therapies available, it has been estimated that sufficient pain relief is obtained in only about one-half of neuropathic pain patients. 2 Because there is no way of predicting the response of an individual to a particular therapeutic intervention, there is no single, "best" or ideal treatment option. 19, 22, 100 Therapeutic strategies have been described as being based on "trial and error." 2 The use of opioids as an effective means of treating neuropathic pain has been controversial in the past. [101] [102] [103] Part of the reason for this controversy was the relative dearth of controlled clinical trials. 104, 105 Several recent studies have suggested that opioid therapies are active against certain forms of neuropathic pain. 22, 106 For example, randomized clinical studies showed that orally active opioids such as oxycodone have produced satisfactory pain relief in patients with PHN 107,108 and DPN. 109 Controlled release oxycodone reduced, but did not eliminate, paroxysmal spontaneous pain and allodynia in patients with PHN. 108 In that study, 12 of 50 patients did not complete the trial, 6 of whom were receiving oxycodone, citing adverse effects. 108 A recent randomized, double-blind clinical trial with patients presenting neuropathic pain from several conditions, including peripheral nerve damage and PHN showed that orally administered levorphanol reduced pain by 36% (high dose) and 21% (low dose), but that secondary outcomes were similar between the two groups. 105 Importantly, of the 81 neuropathic pain patients that began the trial, 22 did not complete the trial, citing adverse effects or inadequate pain relief. 105 Similar observations were made in a double-blind, placebo-controlled, crossover trial examining the effects of opioids (morphine or methadone) and tricyclic antidepressants (nortriptyline or desipramine) in patients with PHN. 107 Although the opioids were moderately superior to the TCA against pain, 20 of the initial 76 subjects dropped out during the opioid phase, whereas 6 subjects withdrew during the TCA phase. 107 In these studies, adverse effects included changes in mood, irritability, personality changes, and decreased cognitive functions. 105, 107 It is telling that some individuals would abandon opioid therapy in spite of reduction in pain. In this regard, it is emphasized that neuropathic pain is a chronic condition and appropriate treatments need to be considered in the context of long-term therapy. Clearly, other therapeutic protocols must be considered.
Candidates for therapy against neuropathic pain include many more pharmacologic classes than only opioids. Varying degrees of success have been achieved with ion channel blockers, local anesthetics, gabapentin, anticonvulsants, and antiarrhythmics. However, the efficacy of these different classes against neuropathic pain is unpredictable and does not always correlate with findings from animal models. For example, mexilitine and dextromethorphan, considered an NMDA antagonist, both demonstrate activity in animal models of neuropathic pain yet have very limited effects in clinical cases at doses that can be tolerated by patients. 16, 22, 110 Likewise, gabapentin is remarkably effective in animal models, yet effective only in certain subgroups of patients with CRPS or with PHN or DPN. 16, 110, 111 Although intravenous lidocaine has been found effective against neuropathic pain due to nerve trauma, diabetes or PHN, topical administration of lidocaine is only effective against PHN, and may have limited efficacy in DPN. 43, 104, 112 In contrast to lidocaine, mexilitine is remarkably ineffective in most neuropathic pain conditions, although it may block burning pain in patients with DPN. 7, 22, 113 Capsaicin has been proposed as a treatment, but it must be applied at high concentrations, thus requiring anesthesia. 22, 114 Results with capsaicin are inconclusive. 22 Critical examinations of clinical trials for neuropathic pain reveal that, although there have been many studies performed, many of the studies suffer from design flaws, lack of proper controls, and many are not randomized, double-blind studies that are now prevalent in clinical research. 104, 115, 116 Because of these deficiencies, many clinical studies have provided conflicting results regarding treatment options for neuropathic pain, making the selection of a proper therapeutic regimen particularly difficult. 7, 104, 115, 116 The critical consideration in determination of the therapeutic regimen is not necessarily efficacy, but the separation between the efficacy of a given pharmacologic agent and tolerability of side effects at doses effective in producing pain relief in the patient.
CHALLENGES IN TREATMENT STRATEGIES FOR NEUROPATHIC PAINS: DIVERSE AND UNPREDICTABLE ETIOLOGY
Although neuropathic pain is a severe, chronic pain state that adversely affects the quality of life of many individuals, most people that have a neuronal injury or dysfunction do not develop neuropathic pain. This implies very strongly that there are conditions that may predispose an individual to neuropathic pain. The more common sensory dysfunctions that are reported are nonpainful conditions that include anesthesia in the area innervated by the injured nerve, hypoesthesia, parasthesias, or dyesthesias, which are unpleasant, but not painful. Neuropathic pain occurs in only about 5% of people that suffer from a nerve trauma. 117 Population-based studies suggested that CRPS-I or CRPS-II develops in only 1-5% of individuals with a inciting event, such as bone fracture (for CRPS-I) or peripheral nerve injury (for CRPS-II). 7, 118 In two clinical studies that examined over 2,000 patients with amputations, only approximately 2% reported phantom limb pain, and its development appeared related to preamputation pain. 119, 120 Other patients with amputations reported phantom limb sensation but without pain. 119 Causalgia reportedly occurs in only 2% of patients with bullet wounds involving peripheral nerves.
6 Only 3-5% of patients receiving endodontic treatment develop orofacial neuropathic pain. 121 One report states that PHN occurs in 20% of patients with an outbreak of herpes zoster. 122 Other studies have placed the incidence of PHN after a herpes zoster outbreak at 8%, 123 4%, 124 and 1% 125 1 year after healing of the rash. It has been estimated that 10 -30% of diabetics suffer from neuropathic pain, whereas up to 50% of diabetics with neuronal dysfunction may be asymptomatic. 20, 126, 127 In a more recent study limited to type II diabetes in a population of 95 middle-aged, newly diagnosed patients, only 6.3% reported neuropathic symptoms. 128 Age may also be an important factor that influences the development of neuropathic pain. Generally, the risk of developing PHN increases with age. The development of PHN is uncommon generally, and quite rare in patients under 50 years of age. 16, 23 In a study of 821 cases of herpes zoster, only 8% of the subjects had PHN 30 days after the outbreak, and of these patients, 94% were over 50 years of age. 124 Likewise, of the 4.5% of patients that had PHN 60 days after the onset of zoster, 96% of these were over 50. 124 In other studies, it was found that there is a 27% likelihood that an episode of shingles will lead to PHN, whereas over the age of 60, there is a 47% likelihood of postherpetic neuralgia after zoster eruption. Furthermore, over the age of 70, there is a 48% likelihood that an episode of shingles will lead to pain persisting for more than 1 year. There was a significant elevation in thresholds to tactile, warm, and cold stimuli, but not to noxious thermal stimuli, in patients with PHN. 129 In a study of 1,183 patients with nerve injury, it was found that the incidence of the initial onset of RSD (now called CRPS) was not correlated with age. 130 The median age of patients with single RSD was 41 and that of patients with multiple RSD was 35, although the median age of patients with recurrence of RSD was said to be lower. 130 In another study of 829 patients, it was found that there was no significant difference among age groups, with the exception that children under 10 years of age are less likely to develop CRPS. 131 Allen and colleagues found that the incidence of patients with CPRS was distributed over the ages of 18 -71 years with a mean of 41.8 years 132 The importance of the results of these population studies should be considered in the development of therapeutic strategies for the treatment of neuropathic pain. Of all the individuals that have clinical syndromes that are known to incite pain development, only a relatively small percentage of these people actually do so. The critical question is to determine what it is that sets this small population apart from the vast majority of the rest of the population.
Sex differences in the development of some types of neuropathic pain have also been reported. An examination of patients with PHN found that women were more sensitive than men to noxious heat. 129 Although it was reported that there was no statistical difference between men and women with regard to development of neuropathic pain after trauma, 130 referrals to pain clinics show a different story. The examination of medical records of 134 patients referred for treatment for CRPS showed a female to male ratio of 2.3-1. 132 Similar studies reported female to male ratios of 4.5-1, 133 3-1. 131 , and 1.6-1.
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CHALLENGES IN TREATMENT STRATEGIES FOR NEUROPATHIC PAINS: GENETIC CONSIDERATIONS
The wide variability in initiating factors, presentation and treatment outcome among individuals suggest the possibility of a genetic component that might predispose an individual to neuropathic pain. A genetic link was suggested when several studies have shown that blood levels of class I and class II major histocompatibility antigens(MHC) HLA-DR13, HLA-DR2, and HLADQ1are increased in women with CRPS. 135, 136 Moreover, CRPS patients with elevated HLA-DR13 levels tended to progress to a generalized dystonia, suggesting that this represented a distinct phenotype susceptible to neuropathic pain. 137, 138 Recently, it was found that the alleles D6S1014*134 and D6S1014*137, which are associated with expression of HLA-DR1, were significantly elevated in patients that developed CRPS after nerve trauma when compared with controls with trauma but without CRPS. 139 It was speculated, based on the close association with the gene mapping for GABA B , that there may be a link among this phenotype, GABA B receptor expression and CRPS, although this has not been established. 139 A more definitive genetic component of a specific neuropathic pain syndrome has recently been identified. Primary erythermalgia is a rare, autosomal-dominant condition that manifests by intermittent bouts of swelling of the feet or hands, intense burning pain, and erythemia. 45 Its onset is generally in early childhood, and it may progress until adulthood. 45 The syndrome may be provoked by warmth or exercise, and relief is commonly found by keeping the affected foot or hand in extreme cold, and is refractory to therapeutic interventions. 45, 140 In a recent study, genotyping was performed from venous blood obtained from 47 individuals from 5 families, 28 of which were affected with erythermalgia. 140 A common allele in the 7.94 cM region of chromosome 2q31-32 was found among the affected individuals in these families. 140 Further studies with three individuals representing three generations within a Chinese family expressing erythermalgia showed a T to A transversion mutation in the gene SCN9A, which codes the ␣-subunit of the Na V 1.7 sodium channel. 45 This mutation was found only in individuals that developed erythermalgia, and not in the unaffected family members. 45 Further studies with four families and two sporadic cases found six missense mutations in SCN9A that were not found in samples from unaffected family members. 141 These mutations of the Nav1.7 sodium channel may promote abnormal activity of small diameter nociceptors, which would be consistent with the identification of erythermalgia as a small-fiber neuropathy. 141, 142 These observations are supported by the clinical report that intravenous lidocaine followed by oral mexilitene produced a longterm benefit to a child with erythermalgia.
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CHALLENGES IN TREATMENT STRATEGIES FOR NEUROPATHIC PAINS: TRANSLATION OF DATA FROM ANIMAL MODELS
One of the major challenges regarding the development of novel therapies is the development of appropriate, predictive animal models. Whereas the models of traumatic nerve injury that are currently employed produce a reliable behavioral manifestation of tactile and/or thermal hyperesthesia, these behaviors are not directly correlated to the clinical situation. Responses to noxious thermal stimuli require a reflex on the part of the animal, and quantification is based on latency to withdrawal, which is an indirect measurement. Responses to innocuous tactile stimuli are likewise troublesome in that the animal must respond to light touch applied to the plantar aspect of the hindpaw. However, it is difficult to tell if the response represents an enhanced, nocifensive-like behavior (i.e., allodynia), or an enhanced sensitivity to touch (hyperesthesia). Although these behaviors are evoked, the majority of pain complaints involve persistent or spontaneous, paroxysmal pains that are not elicited by an outside stimulus. The challenge, therefore, is to design models that allow the testing of unprovoked and preferably, nonreflexive behaviors. 144 -146 Changes in normal activity may be indicative of an ongoing pain state. Thus, measurement of locomotor activity or the propensity of an animal to remain in a small area rather than move freely about may be representative of abnormal pain. Other models that may be helpful include operant conditioning types of models. A simple example is the willingness of a rat to explore a novel area when first placed into the new environment. A more involved example is conditioned place preference. The animal is conditioned to a brightly lit compartment as the place where the treatment (i.e., reward being relief from neuropathic pain) is administered. Thus, if the animal remains in that area, in spite of a preference for the darker compartment, this would be indicative of a antineuropathic effect. 147, 148 An example of this type of operant behavior is shown where rats are trained to make facial contact with a heated probe to obtain water ("reward"). 146 Inflammation results in diminished tolerance to heat, which is demonstrated by shortened periods of water intake, and this behavior is reversed by morphine. 146 
